
Lunar Sample Compendium
C Meyer 2011

15498
Regolith Breccia

2340 grams

Figure 1:  Photo of S1 surface of 15498.  NASA S71-44196.  Sample is about 15 cm across.
Position of saw cuts is illustrated.  Black lines for 1972 and white line in 1985.
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Figure 2:  Location of 15498 at Dune Crater
(map from O’Kelley et al. 1973).

Introduction
15498 was collected from the soil at the base of the
boulder where 15485 and 15499 were sampled (Dune
Crater, station 4).  It is a brown glass matrix breccia
with abundant clasts of mare basalt (figures 1 – 8).

Two large slabs have been cut though the middle of
15498 to provide material for analysis by  Lindstrom
et al. (1988) and Vetter et al. (1988).  No white clasts
of highland material were found.

Petrography
Mason (1972) presented the first description of 15498.
Ryder (1985) gives a more thorough description.  It is
a coherent rock with a glass matrix and with a glass
splash on the surface (figure 1).  It appears to be clast
rich; albeit, the clasts are all mare basalts.  The sample
is also cut by fissures filled with vesicular glass.  Much
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Figure 3:  Backside of 15498 with  approximate location of saw cuts.  S71-45981.  Cube is 1 inch.
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of the matrix is made up of mineral fragments,
apparently from mare basalt.

McKay et al. (1989) reported that the maturity index
for 15498 was Is/FeO = 18.  The density is 2.43 g/cm3.

Most of the lithic clasts in 15498 are mare basalts.
Vetter et al. (1988) determined the composition of
pyroxene and described the textures of about 25
examples – ranging from olivine normative to quartz
normative (figure 10).  They include olivine-pyroxene
cumulates, which may be biased by small size.

Mineralogy
Pearce et al. (1976) determined the composition of
metallic iron grains (figure 9).

Chemistry
Laul and Schmitt (1973) and McKay et al. (1989)
reported analyses of the bulk rock (table 1).  It is similar
to the soil from Dune Crater (figure 14).  Lindstrom et
al. (1988) analyzed the glass that is so abundant in
15498.  Wanke et al. (1976) analyzed a clast.

15498 is one of the most iron rich breccias from Apollo
15 (figure 13), containing an abundance of mare basalt
– of variable types (Vetter et al. 1988).

Most of the attention on this breccias sample has been
on the analysis of numerous clasts of mare basalt (too
numerous to repeat here, see Vetter).  They are
apparently more diverse than the large samples of mare
basalt at Apollo 15 (figure 11).

Kaplan et al. (1976) reported 62 ppm C and 55 ppm N
for 15498 and also determined their isotopic
composition.

Cosmogenic isotopes and exposure ages
Eldridge et al. (1972) reported the cosmic-ray-induced
activity of 15498 as 22Na = 26 dpm/kg, 26Al = 60 dpm/
kg, 54Mn = 25 dpm/kg and 56Co = 15 dpm/kg.

Other Studies
Rare gases were determined by Bogard and Nyquist
(1972), Megrue (1973) and McKay et al. (1989).

Gose et al. (1973), Pearce et al. (1976) and Brecher
(1976) reported magnetic properties.

Alvarez (1975), Warren et al. (1973) and others studied
physical properties.  Uhlmann and Klein (1976) and
Yinnon et al. (1980) reported on glass.
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Figure 4:  Main mass ,0 after first saw cut.  S72-16734.  Cube is 1 inch.

Figure 5:  Main mass ,0 after second saw cut in 1985.  S85-43130  Cube is 1 cm.
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Figure 6:  Photo of sawn slab 15498,17.  S72-16987.  Cube is 1 inch.

Figure 7:  Subdivision of slab ,17 cut from 15498.  Cube is 1 inch.  S72-16973

Processing
15498 was the subject of a Consortium led by Brian
Mason.  Two slabs have been cut; yet one butt end
remains huge!  There are 45 thin sections.
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Figure 8 a, b:  Both sides of
second slab of 15498 (,141).
Cube is 1 cm in this photo.
S85-43128 - 129.
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Figure 11:  Composition of basalt clast in 15498,
from Vetter et al. (1988).

Figure 10:  Pyroxenes in mare basalt clasts form
15498 (Vetter et al. 1988).

Figure 12:  Normalized rare-earth-element diagram
for 15498 (from Vetter et al. 1988).

Figure 9:  Composition of metal grains in 15498
(Pearce et al. 1976).
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Figure 13:  Composition of 15498 compared with
Apollo soils and Apollo 15 breccias.

Figure 14:  Normalized rare-earth-element diagram
for 15498 compared with soils from Apollo 15.
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Table 1.  Chemical composition of 15498.
green glass impact melt

reference Laul73 O’Kelley72 Lindstrom87 McKay89 Korotev Wanke77
weight unpuplished clast
SiO2 % 47.1 (c )
TiO2 1.6 1.6 (a) 1.11 1.64 0.78 0.72 (a) 1.93 1.93 (a) 1.97 (c )
Al2O3 12.9 13.7 (a) 16.9 22 21.4 (a) 11.8 11.2 (a) 9.8 (c )
FeO 17.3 16.7 (a) 10.2 9.05 6.21 6.48 (a) 17.9 17.9 (a) 19.2 (c )
MnO 0.219 0.207 (a) 0.15 0.15 (a) (c )
MgO 10 11 (a) 8.2 9.15 8.49 8.5 (a) 9.7 9.7 (a) 9.1 (c )
CaO 10.8 11.1 (a) 12.9 10.81 12.94 12.87 (a) 8.5 8.5 (a) 10.1 (c )
Na2O 0.385 0.395 (a) 0.621 0.72 0.656 0.636 (a) 0.36 0.36 (a) 0.255 (c )
K2O 0.13 0.13 (a) 0.137 (b) 0.44 0.44 0.29 0.29 (a) 0.041 (c )
P2O5
S %
sum

Sc ppm 34 31 (a) 19.2 18 11.4 12.6 (a) 34.1 34.1 (a) 45.9 (c )
V 160 150 (a) 125 117 (a) 182 (c )
Cr 3147 3079 (a) 1570 1670 910 900 (a) 3090 3090 (a) 4020 (c )
Co 43 44 (a) 55.6 20.9 18.5 16.7 (a) 45.7 46 (a) 44.9 (c )
Ni 830 (a) 169 169 (a) 90 (c )
Cu
Zn
Ga
Ge ppb
As
Se
Rb 18 17 13 9 (a) 0.8
Sr 190 150 200 170 (a) 120 120 (a) 80
Y 35 (c )
Zr 460 650 400 350 (a) 250 250 (a) 94 (c )
Nb 10 (c )
Mo
Ru
Rh
Pd ppb
Ag ppb
Cd ppb
In ppb
Sn ppb
Sb ppb
Te ppb
Cs ppm 0.95 0.49 0.23 0.22 (a) 0.15 0.15 (a)
Ba 140 150 (a) 400 530 330 310 (a) 149 149 (a) 60 (c )
La 15 16 (a) 38 51.1 34.1 27.8 (a) 15.4 15.4 (a) 5.93 (c )
Ce 42 43 (a) 101 141 94 75.6 (a) 43 43 (a) 18 (c )
Pr 2.4 (c )
Nd 54 90 50 42 (a) 25 25 (a) 12 (c )
Sm 7.8 7.8 (a) 17.3 23.1 15.1 12.1 (a) 7.92 7.92 (a) 3.58 (c )
Eu 1.2 1.2 (a) 1.36 2.07 1.62 1.54 (a) 1.24 1.24 (a) 0.76 (c )
Gd 4.91 (c )
Tb 1.6 1.6 (a) 3.96 4.97 3.13 2.72 (a) 1.66 1.66 (a) 0.79 (c )
Dy 9.6 10 (a) 5.35 (c )
Ho 1.09 (c )
Er 3.19 (c )
Tm
Yb 5.5 5.8 (a) 13 16.2 10.7 10.3 (a) 5.6 5.6 (a) 2.62 (c )
Lu 0.79 0.85 (a) 1.83 2.38 1.55 1.53 (a) 0.75 0.75 (a) 0.37 (c )
Hf 5.7 5.3 (a) 13.8 18.1 10.8 10.3 (a) 6.7 6.7 (a) 2.49 (c )
Ta 0.8 0.8 (a) 1.69 2.02 1.17 1.11 (a) 0.83 0.83 (a) 0.39 (c )
W ppb 96 (c )
Re ppb
Os ppb
Ir ppb 2.3 4 (a) 7.1 7.4 (a)
Pt ppb
Au ppb 6.7 7 (a) 1.6 1.4 (a) 0.13 (c )
Th ppm 1.9 2.1 (a) 2.5 (b) 7.78 9 6.7 6.1 (a) 2.4 2.4 (a) 1.08 (c )
U ppm 0.7 0.7 (a) 0.65 (b) 2.03 2.5 1.7 1.7 (a) 0.68 0.68 (a) 0.18 (c )
technique:  (a) INAA, (b) radiation count., (c ) various



Lunar Sample Compendium
C Meyer 2011

S72-16983

,14



Lunar Sample Compendium
C Meyer 2011

15498
2340 grams

,141
228 g

,25
34 g

sawdust

,18
54 g

sawdust

,3
PB

,4

,9
,99

,101
TS

,17
slab

,0
1409 g

,1
0.5 g

Bogard

small
end

C Meyer
2011

,16
214 g,19

,19
65 g

,169
40 g

,51
11 g

,20
38 g ,21

,22
5.8 g

,23
13 g

,24
13 g

column

,14
44 g

,31
3 g

,32
1.3 g

,123
5.3 g

,13
13 g

second
slab

15498,141
second slab

,141
228 g

,176
6.8 g

,177
12.7 g

,179
PB

,181
PB

,240
TS

,241
TS

,184
PB

,187
PB

,189
PB

,191
PB

,199
PB

,202
PB

,205
PB

,230
5.7 g

,253
TS

,252
TS

,207
PB

,210
PB

,216
PB

,220
PB

,223
PB

,251
TS

,250
TS

,249
TS

,248
TS

,247
TS

,246
TS

,245
TS

,244
TS

,243
TS

,242
TS

References for 15498
Alvarez R. (1975)  Lunar and terrestrial sample
photoconductivity.  Proc. 6th  Lunar Sci. Conf. 3187-3197.

Bogard D.D. and Nyquist L.A. (1972)  Noble gas studies on
regolith materials from Apollo 14 and 15.  Proc. 3rd  Lunar
Sci. Conf. 1797-1819.

Brecher A. (1976a)  Textural remanence: A new model of
lunar rock magnetism.  Earth Planet. Sci. Lett. 29, 131-145.

Butler P. (1971)  Lunar Sample Catalog, Apollo 15.  Curators’
Office,  MSC 03209

Christie J.M., Griggs D.T., Heuer A.H., Nord G.L., Radcliffe
S.V., Lally J.S. and Fischer R.M. (1973)  Electron
petrography of Apollo 14 and 15 breccias and shock-
produced analogs.  Proc. 4th  Lunar Sci. Conf. 365-382.

Eldridge J.S., O’Kelley G.D. and Northcutt K.J. (1972)
Concentrations of cosmogenic radionuclides in Apollo 15
rocks and soils.  In The Apollo 15 Lunar Samples 357-
359. Lunar Sci. Institute, Houston.

Gose W.A., Pearce G.W., Strangway D.W. and Carnes J.
(1972)  Magnetism of Apollo 15 samples.  In The Apollo
15 Lunar Samples 430-434.

Gose W.A., Strangway D.W. and Pearce G.W. (1973)  A
determination of the intensity of the ancient lunar magnetic
field.  The Moon 7, 198-201.

Housley R.M., Cirlin E.H., Goldberg I.B. and Crowe H.
(1976)  Ferromagnetic resonance studies of lunar core
stratigraphy.  Proc. 7th  Lunar Sci. Conf. 13-26.

Kaplan I.R., Kerridge J.F. and Petrowski C. (1976)  Light
element geochemistry of the Apollo 15 site.  Proc. 7th  Lunar
Sci. Conf. 481-492.

Laul J.C. and Schmitt R.A. (1973b)  Chemical composition
of Apollo 15, 16, and 17 samples.  Proc. 4th  Lunar Sci.
Conf. 1349-1367.

Lindstrom M.M., Marvin U.B., Vetter S.K. and Shervais J.W.
(1988)  Apennine front revisited: Diversity of Apollo 15
highland rock types.  Proc. 18th  Lunar Planet. Sci. Conf.
169-185.  Lunar Planetary Institute, Houston.



Lunar Sample Compendium
C Meyer 2011

LSPET (1972a)  The Apollo 15 lunar samples: A preliminary
description.  Science 175, 363-375.

Mason B. (1972b)  Mineralogy and petrology of polymict
breccia 15498.  In The Apollo 15 Lunar Samples, 137-
139.

Mergue G.H. (1973b)  Distribution of gases within Apollo
15 samples: Implications for the incorporation of gases
within solid bodies of the Solar System.  J. Geophys. Res.
78, 4875-4883.

McKay D.S., Morris R.V. and Wentworth S.J. (1984)
Maturity of regolith breccias as revealed by ferromagnetic
and petrographic indicies (abs).  Lunar Planet. Sci. XV, 530-
531.  Lunar Planetary Institute, Houston.

McKay D.S., Bogard D.D., Morris R.V., Korotev R.L.,
Wentworth S.J. and Johnson P. (1989)  Apollo 15 regolith
breccias: Window to a KREEP regolith.  Proc. 19th Lunar
Sci. Conf. 19-41.  Lunar Planetary Institute, Houston.

Moore C.B., Lewis C.F., and Gibson E.K. (1972)  Carbon
and nitrogen in Apollo 15 lunar samples. In The Apollo 15
Lunar Samples (Chamberlain J.W. and Watkins C., eds.),
316-318. The Lunar Science Institute, Houston.

Moore C.B., Lewis C.F. and Gibson E.K. (1973)  Total
carbon contents of Apollo 15 and 16 lunar samples.  Proc.
4th  Lunar Sci. Conf. 1613-1923.

O’Kelley G.D., Eldridge J.S. and Northcutt K.J. (1972a)
Abundances of primordial radioelements K, Th, and U in
Apollo 15 samples, as determined by non-destructive
gamma-ray spectrometry.  In The Apollo 15 Lunar Samples,
244-246.  Lunar Science Institute, Houston.

Pearce G.W., Hoye G.S., Strangway D.W., Walker B.M. and
Taylor L.A. (1976)  Some complexities in the determination
of lunar paleointensities.  Proc. 7th  Lunar  Sci. Conf. 3271-
3297.

Ryder G. (1985)  Catalog of Apollo 15 Rocks (three
volumes).  Curatoial Branch Pub. # 72,  JSC#20787

Simon S.B., Papike J.J., Grosselin D.C. and Laul J.C. (1986)
Petrology of the Apollo 15 regolith breccias.  Geochim.
Cosmochim. Acta 50, 2675-2691.

Sutton R.L., Hait M.H., Larson K.B., Swann G.A., Reed V.S.
and Schaber G.G. (1972)  Documentation of Apollo 15
samples.  Interagency report:  Astrogeology 47.  USGS

Swann G.A., Hait M.H., Schaber G.C., Freeman V.L., Ulrich
G.E., Wolfe E.W., Reed V.S. and Sutton R.L. (1971)

Preliminary description of Apollo 15 sample environments.
U.S.G.S. Interagency report: 36.  pp219 with maps

Swann G.A., Bailey N.G., Batson R.M., Freeman V.L., Hait
M.H., Head J.W., Holt H.E., Howard K.A., Irwin J.B., Larson
K.B., Muehlberger W.R., Reed V.S., Rennilson J.J., Schaber
G.G., Scott D.R., Silver L.T., Sutton R.L., Ulrich G.E.,
Wilshire H.G. and Wolfe E.W. (1972)  5. Preliminary
Geologic Investigation of the Apollo 15 landing site.  In
Apollo 15 Preliminary Science Rpt.  NASA SP-289. pages
5-1-112.

Uhlmann D.R. and  Klein L.C. (1976)  Crystallization
kinetics, viscous flow and thermal histories of lunar breccias
15286 and 15498.  Proc. 7th  Lunar Sci. Conf. 2529-2541.

Vetter S.K., Shervais J.W. and Lindstrom M.M. (1988)
Petrology and geochemistry of olivine-normative and quartz-
normative basalts from regolith breccia 15498: New diversity
in Apollo 15 mare basalts.  Proc. 18th  Lunar Planet. Sci.
Conf. 255-271.  Lunar Planetary Institute, Houston.

Wänke H., Baddenhausen H., Blum K., Cendales M.,
Dreibus G., Hofmeister H., Kruse H., Jagoutz E., Palme C.,
Spettel B., Thacker R. and Vilcsek E. (1977a)  On the
chemistry of lunar samples and achondrites. Primary matter
in the lunar highlands: A re-evaluation.  Proc. 8th  Lunar Sci.
Conf. 2191-2213.

Warren N., Trice R., Soga N. and Anderson O.L. (1973)
Rock physics properties of some lunar samples.  Proc. 4th

Lunar Sci. Conf. 2611-2629.

Wentworth S.J. and McKay D.S. (1984)  Density and porosity
calculations for Apollo 15 and 16 regolith breccias (abs).
Lunar Planet Sci. XV, 906-907. Lunar Planetary Institute,
Houston.

Yinnon H., Roshko A and Uhlman D.R. (1980)  On the barrier
to crystal nucleation in lunar glasses.  Proc. 11th  Lunar
Planet. Sci. Conf. 197-211.


